Estimating genetic merit of livestock closest to their true genetic merit is a preliminary goal in animal breeding. The accuracy of genetic evaluations depends on the recording system and the method of evaluation. Whereas applying more complicated models may improve the accuracy of evaluations inconsiderably, improving data quality is more effective. The data were on pedigree and milk performances (milk yield, fat yield and fat percentage) of 9834 dairy cows in Isfahan, Iran, with both known parents. Genetic parameters were estimated by derivative-free restricted maximum likelihood method, applying an animal model (full relationships), sire model (dam missed), dam model (sire missed) and a half-missed model (half sire / half dam). All the models were compared to animal model. Sire model had the smallest size of pedigree structure, while dam model had an inexistency of between herd relationships. The results showed underestimating additive genetic variance by sire and half-missed models and overestimating it by dam model. An important finding of this study was that there is an unfavorable interaction between missing sire and dam information that caused the lowest goodness of fit for half-missed model. Also, usually, sire missing makes more important problems to the pedigree structure and genetic evaluations than dam missing. The research revealed that, even using an animal model, there are some delicacies in introducing the relationship matrix for sex-limited traits, which requires special attention to the pedigree of sires. (WILCOX et al., 1992). Because daughter-dam regression method tends to be biased by maternal effects, it has not been widely used. Nowadays, using REML procedures, evaluations are free of this bias (NDLOVU, 1993) . In 1962, the method changed to daughter-herdmate comparisons which was further improved in 1965 by taking some additional parameters into account. The MCC (Modified Contemporary Comparison) method was implemented in October 1974 in attempting to take into consideration some items including genetic differences in herdmates, pedigree information, daughter distribution over herds, length of lactation, number of herdmates, and the number and average repeatability of herdmate sires (WILCOX et al., 1992). By the invention of Henderson's methodology of best linear unbiased prediction (BLUP), sire, sire-maternal grandsire, and animal models were invented and investigated. The techniques are well accepted and BLUP nowadays is the preferred method of evaluation (HERRENDÖRFER et al., 1999; WILCOX et al., 1992). Initially, evaluations were taking from a best linear unbiased prediction (BLUP) sire model. Then, it was improved by adding maternal grandsires to the pedigree structure (sire-MGS model) in order to improve the accuracy by considering more genetic relationships, direct effect as sire and maternal effect as sire of dam, partial accounting of merit of mates, and differences in maternal ability of dams. In February and August 1989, animal model proofs became available for type and production, respectively (BURNSIDE et al., 1989) . Animal and sire models are very similar. However, animal model considers all relatives, evaluates sires and dams simultaneously and therefore genetic merits are adjusted for any non-random mating and as a consequence it is more accurate (BURNSIDE et al., 1989) . Thanks to HENDERSON (1975) for the discovery of the algorithm for finding the inverse of the relationship matrix; nowadays genetic evaluations have been based on restricted maximum likelihood (REML) methods. New algorithms such as derivative-free restricted maximum likelihood (DFREML) and the relevant computer programs have been developed (GRASER et al., 1987; MEYER, 1998) with the aim of more precise and unbiased evaluations. Improvement of the computational power of computers has made it possible to perform more complicated animal models, and as well as single-trait animal models, multi-trait and random regression animal models are in use in various researches KREJČOVÁ et al., 2007a; KREJČOVÁ et al., 2007b) . CANTET et al. (2000) using a simulated data, studied the different situations of: (a) complete pedigree; (b) 50% of phenotypes with sire missing; (c) 50% of phenotypes with dam missing (d) and 50% of phenotypes with sire and dam missing (the paternities of 12.5%, the maternities of 12.5%, and the paternities and maternities of 12.5% of the records were lost at random). Choice (a) produced unbiased heritabilities very close to the true heritabilities. Heritability estimates were more biased when 50% of sires were missing (b) than when 50% of dams were missing (c) and choice (d) was the most biased. Choice (a) which is the ideal case was termed "ignorable selection" and the other choices were termed "non-ignorable selection" by IM et al. (1989) . They concluded that if all data employ in making selection decisions, the selection process may be ignored and estimation may proceed as if selection has never been occurred.
Introduction
Proving dairy sires on a national basis was initiated in the United States in 1933 by the United States Department of Agriculture (USDA); proofs were from daughter-dam comparisons (WILCOX et al., 1992) . Because daughter-dam regression method tends to be biased by maternal effects, it has not been widely used. Nowadays, using REML procedures, evaluations are free of this bias (NDLOVU, 1993) . In 1962, the method changed to daughter-herdmate comparisons which was further improved in 1965 by taking some additional parameters into account. The MCC (Modified Contemporary Comparison) method was implemented in October 1974 in attempting to take into consideration some items including genetic differences in herdmates, pedigree information, daughter distribution over herds, length of lactation, number of herdmates, and the number and average repeatability of herdmate sires (WILCOX et al., 1992) . By the invention of Henderson's methodology of best linear unbiased prediction (BLUP), sire, sire-maternal grandsire, and animal models were invented and investigated. The techniques are well accepted and BLUP nowadays is the preferred method of evaluation (HERRENDÖRFER et al., 1999; WILCOX et al., 1992) . Initially, evaluations were taking from a best linear unbiased prediction (BLUP) sire model. Then, it was improved by adding maternal grandsires to the pedigree structure (sire-MGS model) in order to improve the accuracy by considering more genetic relationships, direct effect as sire and maternal effect as sire of dam, partial accounting of merit of mates, and differences in maternal ability of dams. In February and August 1989, animal model proofs became available for type and production, respectively (BURNSIDE et al., 1989) . Animal and sire models are very similar. However, animal model considers all relatives, evaluates sires and dams simultaneously and therefore genetic merits are adjusted for any non-random mating and as a consequence it is more accurate (BURNSIDE et al., 1989) . Thanks to HENDERSON (1975) for the discovery of the algorithm for finding the inverse of the relationship matrix; nowadays genetic evaluations have been based on restricted maximum likelihood (REML) methods. New algorithms such as derivative-free restricted maximum likelihood (DFREML) and the relevant computer programs have been developed (GRASER et al., 1987; MEYER, 1998) with the aim of more precise and unbiased evaluations. Improvement of the computational power of computers has made it possible to perform more complicated animal models, and as well as single-trait animal models, multi-trait and random regression animal models are in use in various researches KREJČOVÁ et al., 2007a; KREJČOVÁ et al., 2007b) . CANTET et al. (2000) using a simulated data, studied the different situations of: (a) complete pedigree; (b) 50% of phenotypes with sire missing; (c) 50% of phenotypes with dam missing (d) and 50% of phenotypes with sire and dam missing (the paternities of 12.5%, the maternities of 12.5%, and the paternities and maternities of 12.5% of the records were lost at random). Choice (a) produced unbiased heritabilities very close to the true heritabilities. Heritability estimates were more biased when 50% of sires were missing (b) than when 50% of dams were missing (c) and choice (d) was the most biased. Choice (a) which is the ideal case was termed "ignorable selection" and the other choices were termed "non-ignorable selection" by IM et al. (1989) . They concluded that if all data employ in making selection decisions, the selection process may be ignored and estimation may proceed as if selection has never been occurred. REML estimates are not biased by "ignorable selection" (IM et al., 1989; CANTET et al., 2000) . There are two kinds of pedigree errors affecting the results of genetic evaluations, including wrong and missing pedigree information (HARDER et al., 2005) . The impact of pedigree errors on reducing genetic gain is large and the effect of wrong pedigree is 1.4 times more harmful than the effect of missing pedigree (SANDERS et al., 2006) . Missing parents leads to serious underestimation of inbreeding and therefore making necessary decisions against inbreeding may be delayed (LUTAAYA et al., 1999; HARDER et al., 2005) . LUTAAYA et al. (1999) simulated various percentages of dam missing information and reported considerable underestimation of inbreeding in the population. In order to decrease the proportion of unknown paternity and increase the average number of daughters per sire, breeding organizations should recheck their recording and verification systems (SANDERS et al., 2006) . Although in developed countries missing pedigree data (especially sires) is a problem for beef cattle populations, in developing countries, missing record and pedigree data has remained a serious problem for dairy cattle populations. However, even developed countries are not free of these errors (HARDER et al., 2005; SANDERS et al., 2006) . While models of evaluation become more complicated just to increase the accuracy a little bit, improving data quality can do all that complicated models cannot do. Applying complicated models also has some problems; they are more data specific and computational demanded and may not be well fitted to new data. This study will show how collecting good data by dairy farmers, Animal Breeding Centers or recording agencies is important in improving the accuracy of genetic evaluations. The objectives of this study were: 1) Comparison between animal model and sire model 2) Comprehensive theoretical and experimental investigations on the effects of missing pedigree information; the ways that missing sire or dam each will damage pedigree structure; and special cases for sex-limited traits 3) Studying the effect of missing pedigree on the accuracy of estimating variance components and breeding values 4) How missing sire or dam data acts on estimating genetic parameters for traits with different heritabilities.
Materials and methods

Data
The data were on pedigree and mature equivalent standardized (ME-305d-2X) first lactation records of Holstein cows, collected by Animal Breeding Center of the Ministry of Agriculture in Isfahan, Iran, from 35 dairy herds from 1994 to 2002. The range of age at first calving was considered to be between 21 to 39 months and the remaining part of the data was excluded. Since the database itself should not be under the effect of missing pedigree information, animals with records were enforced to have both sire and dam identification numbers. Therefore, animals with unknown sire or dam were not permitted to be included in the data set on which we wanted to run animal model. The final data were consisted of pedigree, Herd-Year-Season of calving, milk yield, fat yield and fat percentage records of 9834 dairy cows. Analysis Intentionally, dam and sire pedigree information were excluded to study sire model (dam missed) and dam model (sire missed), respectively. Although dam model has never been a conventional model for dairy cattle evaluation, it was considered just to simulate sire missing situation. In addition, it is a more complex version of daughterdam regression and daughter-herdmate methods, equipped to a dam-based relationship matrix. To study the effect of both missing sire and dam pedigree information, another model called half-missed model (half sire / half dam) was created, for which the phenotypes were assigned randomly into two groups. For one group, paternity information and for the other maternity information were lost. For simplicity, the situation of full relationships (no missed data) was called animal model. However, animal model is also in use for data bases with missing values, and half-missed model itself is a kind of animal model. National genetic evaluations involve animals with incomplete pedigrees (LUTAAYA et al., 1999 ). The following model was employed to obtain variance components and genetic parameters using Animal Model (AM), Sire Model (SM), Dam Model (DM) and Half-missed Model (HM).
Y= Xb+ Za+ e
Where: Y, b, a, and e are the vectors of observations, fixed contemporary groups (HYS), random direct additive genetic, and random residual effects, respectively. X and Z are the incidence matrices relating records to fixed and direct additive genetic effects, respectively. Due to the lower number of records for fat traits (401 less records), the number of HYS levels was lower (464 vs. 473) relative to milk yield. All models were run under DFREML 3.0β package (MEYER, 1998) using derivativefree restricted maximum likelihood method by Simplex way, applying univariate procedure (DFUNI). Convergence criterion was set on 10 -8
, and DFREML (MEYER, 1998) automatically pruned all single-linked parents. Finally, estimated breeding values of animals for different traits applying various models were compared using SAS statistical software (SAS Inst., 1997).
Results and discussion
Pedigree missing, different situations and consequences AM considers all information available on all relatives to increase the accuracy of evaluations. All ancestors and descendants are used in the evaluation of both sires and cows, weighted by how closely related they are. It appropriately adjusts for merit of mates to rank sires. AM evaluates all animals simultaneously by adjusting equations for management and environmental factors and solving them to evaluate genetic merit of animals (WILCOX et al., 1992) . SM and DM use just certain classes of relatives, because relationships are defined through sire and dam lines, respectively, and there would be no correction for merit of mates. In AM, full-sib and half-sib relationships are known. For example, it is clear which animals are full-sibs or paternal/maternal half-sibs with each other. This is also true for full-cousins, half-cousins and, etc., whereas in SM and DM there is no difference between full-sibs and half-sibs (i.e. all of them are considered as paternal and maternal half-sibs by SM and DM, respectively). For SM and DM, there would be a decline in the average number of grand progeny per grandparent, because applying SM, sires will lose their daughters' progeny, and applying DM, dams will lose their sons' progeny. By DM, there is an inexistency of between herd genetic relationships, because in dairy cattle industry, progeny of each dam are usually reared and milked in the same herd and the rate of heifer exchange is negligible, while most sires establish genetic connections between herds because sires have progeny from various dams in various herds and relationship connections between herds pass through sires (see Appendix). In AM, in addition to well-established genetic relationships between herds, within herd relationships become strong by dams. Missing pedigree data may reduce the accuracy of correction genetic merits for fixed effects because it becomes less clear how animals in different fixed groups (e.g., herds or contemporary groups) are genetically similar or different. The more herds or contemporary groups are genetically similar, the more their differences would be environmental. In each model of evaluation, at least one fixed effect is included, which for dairy cattle evaluations it is usually Herd-Year-Season for contemporary grouping. Well defined genetic ties within and between contemporary groups are of interest because comparison of animals becomes possible. In AM, relationship matrix can make a better connection with the matrix related to fixed parts of the model (mainly, contemporary groups) because better defined genetic relationships are between and within various fixed groups. Missing pedigree information would lead to weakening both within and between contemporary group genetic relationships. It seems that losing dam information decreases within herd contemporary group genetic ties, and losing sire information decreases between herd contemporary group genetic ties. Also, it is likely that losing pedigree information leads to weakening/gaps between herds and generations, especially by missing sires and dams, respectively (see appendix). Since sires mate to various cows for several generations, missing sire information cuts more relationships than missing dams, which calve a few progeny during their productive life. By missing a sire, in addition to replacing full-sib relationships with maternal half-sibs, animals will lose their paternal half sibs, which are more than their maternal half-sibs. By increasing the proportion of missing sire information, many half-sib cows are treated as unrelated. Therefore, the (co)variance matrix of observations is estimated incorrectly for data sets with missing sire information (HARDER et al., 2005) . It seems that sire missing would make pedigree narrower in width, whereas dam missing would make pedigree shallower in depth. In extreme conditions, the number of loops will increase in the pedigree. In AM, because animals make various relationships with each other through sires and dams, pedigree loop(s) become wider, deeper and lower in the potential number (usually to one), containing more animals, leading to more accurate and reliable evaluations. The accuracy of the genetic evaluation of an animal depends on the number of its progeny in different herds, the number of its full/half-sibs and their progeny, whether the animal itself has a missing parent, how its parents had been involved in the pedigree structure, the number of available records on the animal itself and its relatives (especially, the closer ones) as well as the heritability of the trait. Pedigree study A summary of the pedigree structure obtained by different models is represented in Table 1 . Considering the size of the pedigree structure (no. of animals in the model), AM had the highest and SM had the lowest defined population due to the lower number of sires mated to more dams. There were 29 single-linked sires and 3,874 single-linked dams in the pedigree, which were pruned automatically by DFREML (MEYER, 1998) to improve the model's efficiency. The number of animals with pruned dam was substantially higher, due to the high number of cows with one (female) progeny, and many cows with more than one female progeny, but only one milked and recorded. Animals with only one progeny and no records were considered to be pruned because they do not contribute to any information or relationship. The number of single-linked parents in HM was a balance between the number of missed single-linked parents and the number of multi-linked parents, which became singlelinked by HM. Since the traits were sex-limited, the pedigree could not be defined for animals without records (sires), as a result, sires compelled to be genetically independent. Thus, only daughter-sires and paternal half-sib sisters were identified by SM (see Appendix). There was no sire/grandsire and paternal grand dam in DM, and no dam, grandparent/great-grandparent in SM. The decrease in the number of greatgrandparents from AM to DM was only due to missing maternal grandsires. The surprising point about SM was that the pedigree depth did not reach to any grandparent. The reason was that for sex-limited traits by failure in introducing pedigree information for sires, even using AM, no paternal grandparent can be identified in the pedigree, and by inconsideration of maternal relationships (SM), there could not be any maternal grandparent as well as any paternal grandparent. The number of great-grandparents considerably declined (5.7 times) from AM to HM. Considering the low reduction (1.4 times) in the number of grandsires, this decline was mainly due to the high reduction (5 times) in the number of grand dams (Tab. 1). There were no quarter-sibs in the pedigree structure for SM, because no son-parent relationship could be identified for sex limited traits, and there were no quarter-sibs contributed by sons as future sires. Thus, there could not be any quarter-sib without any dam (SM). In this situation, SM uses records to evaluate the animal itself, its sire and its paternal sisters (from all kinds of record pairs, SM contained only paternal halfsib record pairs (Tab. 1)). Thus, using SM would not be precise, especially for sexlimited traits. Although AM and HM differ in half of the pedigree information, the number of half-sib and quarter-sib record pairs was 3.9 and 18 times lower in HM, respectively, which shows how sires and dams can complete the relationship net with each other. Although HM had 84 quarter-sib record pairs that SM did not have, the number of half-sib record pairs were 208,496 for HM relative to 806,520 for SM. This comparison shows that the more half paternity information in SM is worthier the half maternity information in HM. Comparing SM and DM, SM had no identified grandparent and quarter-sib (1,119 and 1,264 record pairs, respectively for DM). However, in addition to a better genetic relationship between management groups, SM had 125.7 times more half-sib record pairs relative to DM. This again confirms the importance of paternity information relative to the maternity one. For AM, there would be no limitation in introducing relationships between animals. However, for sex-limited traits this freedom may become restricted to the sire sides for several reasons. While the main concern is on the availability of pedigree for animals with records, providing pedigree information for animals without records (both sires and dams) may be neglected. Although it does not make any important problem for sex-unlimited traits, for sex-limited traits it leads to genetic unrelatedness between animals without records, especially sires, which are of the most importance. Generally, dairy farmers are responsible for providing and submitting records and pedigree information of their cows. Thus, it seems reasonable that animal breeding organizations pay more attention to provide pedigree information of sires in their genetic evaluations. Also, there are some differences between different computer packages as well as different procedures within packages. For example, in the case of this study, in the single-trait procedure of DFREML package (DFUNI), a pedigreerecord input file has to be provided. Thus, the pedigree can be defined for animals with records. However, applying multi-trait or repeated records procedures (DXMUX and DXMRR, respectively), two input files including one pedigree-record and a pedigree file have to be provided. The aim of providing a separate pedigree file is that the pedigree in the pedigree-record file is mixed for various traits to relate records in different traits to animals and various traits may differ in the availability of some parts of the pedigree. Thus, the pedigree input file is to have a combined pedigree for various traits and put them in a relationship matrix. This can provide a good opportunity for sex-limited traits to compensate their pedigree incompleteness through a pedigree contributed by a sex-unlimited trait in a multi-trait analysis or with another sex-limited trait, providing pedigree for animals without records (at least for sires) in the pedigree input file. Therefore, the possibility of providing pedigree information for animals without record in the package/procedure is critical for performing genetic evaluations for sex-limited traits. 
Variance components
Heritabilities and the variance components estimation are presented in Table 2 . For all of the studied traits, additive genetic variances (V A ) and consequently heritabilities (h 2 ) were underestimated by SM and HM and overestimated by DM. This may be due to the higher selection intensity of males than females, and genetic independency between herds for DM. CANTET et al. (2000) reported biased downward heritability estimates by loss of pedigree information. DONG et al. (1988) studied the degree of completeness of relationships and reported lower heritabilities by REML if relationships are from sires only, compared to those from more complete pedigrees. They also found that full relationships from ancestors of about two generations result in slightly higher heritabilities than when relationships are from only one generation. and %fat (0.261, 0.122 and 0.007, respectively), the heritability estimates by HM were the closest to AM. This may be due to the closest ratio of males/females relative to AM, a slight correction for merit of mates, and considering genetic variation between sires (relative to DM). Due to the inconsideration of genetic variation between sires, heritability estimates by DM were more different to heritability estimates by AM. The ratios were the highest for fat percentage and the lowest for milk yield. This helps to make this conclusion that the damage from lost pedigree is lower for high heritable traits. Pedigree missing makes more problems for traits with lower heritability and in the case of small progeny size per sire (SANDERS et al., 2006) . In terms of precision, the lowest Log likelihood and the highest heritability standard error were for HM, showing the lowest precision for it. This can be a clue for an unfavorable sire by dam missing interaction on the accuracy of evaluations. As it was expected, SM had a better goodness of fit (from both Log likelihood and SE of h 2 points of view) relative to DM. Using AM, heritabilities were in the range of other studies. EDRISS et al. (2006) , using the same database including additional data from animals with known/unknown parent(s), reported 0.229 and 0.242 heritabilities for milk and fat yields, respectively. Also, NILFOROOSHAN and EDRISS (2007) , using (305d-2X) records of animals with known sire and known/unknown dam (unknown maternity for %4 of the data, not reported previously) and age at calving as a covariable in the model, estimated 0.24, 0.27 and 0.41 heritabilities for milk yield, fat yield and %fat, respectively. KHATTAB et al. (2005), using two animal models, estimated the heritability of 305d milk yield of Friesians in Egypt between 0.22 and 0.23. Table 3 shows the ranges in which breeding values were predicted by different models. HM and SM estimated breeding values in a narrower range, whereas DM estimated them in a wider range relative to AM. This can be due to the underestimation and overestimation of heritabilities by SM and DM, respectively (Tab. 2). Using a SM, HARDER et al. (2005) also overestimated DYD variance as a result of sire missing information. Whereas heritabilities were higher for HM than SM, the ranges of the estimated breeding values were lower in HM due to lower V P estimates by HM.
Genetic evaluations
The models concerned estimated generalized least squares for contemporary groups (HYS) in a relatively close range. Missing pedigree information directly affects Z matrix, which will form the additive relationship matrix, and it has nothing to do with X matrix by which animals assign to fixed groups. However, slight differences in fixed effect solutions are because of changes in the shape of likelihood surface due to lost pedigree. Correlation coefficients between breeding values by AM and the other models with missed data are represented in Table 4 . SM had the highest and DM had the lowest correlations with AM. The average correlation between AM and SM was 0.984 relative to 0.817 for HM, which shows that although sires ranked similarly by SM as they ranked by AM, as a result of losing half of daughters, sires re-ranked in a different scale by HM. As a result of missing sire information, decreasing the number of daughters per sire leads to a reduction in response to selection, especially for low heritable traits (HARDER et al., 2005) . BURNSIDE et al. (1989) reported that sires rank similarly for type traits between SM and AM due to the high estimated correlations (0.97) between sire ratings by SM and AM that were very close to +1, which would be the correlations if sires rank exactly the same. BOETTCHER et al. (1999) estimated lower correlations (0.87) between estimated breeding values from SM and AM for survival. Also, breeding value and ranking correlations are in use between different animal models (e.g., multi-trait and random regression models) to see how they evaluate and rank animals differently (KREJČOVÁ et al., 2007 (a) ). Correlations were the highest for fat percentage and the lowest for milk yield, which showed that the problem caused by missing pedigree data may be lower for higher heritable traits. This conclusion is in agreement with the results shown in Table 2 . HARDER et al. (2005) using a simulated data and SM with different proportions of sire missing, estimated lower rank correlations and more loss of response to selection by more sire missing and lower heritability. Mean differences between estimated breeding values by AM and the other models with missed pedigree data were compared by performing T-tests using SAS software (SAS Inst., 1997) to study how missing data can make evaluations different (H0: µ = 0). The results (Tab. 4) showed that, except for the deviations for HM in milk and fat yields for sires and for DM in milk yield, missed pedigree data in the studied situations (SM, DM and HM) made evaluations significantly different from the full relationships situation (AM). Although evaluations made by HM in milk and fat yields for sires, and DM in milk yield were not significantly different from AM evaluations, the related correlations were of the lowest, which shows that the direction of changes in evaluations were not the same with AM. 
Conclusion
Missing pedigree data would decrease or even detach some relationships between animals and reduces the power of animal models in genetic evaluation. Missing sire pedigree information is more harmful than missing dam pedigree information, both for the evaluation of sire itself by reducing the number of its daughters, and also for its daughters by making them unrelated or replacing full-sib with half-sib relationships. Missing pedigree information also reduces the ability of animal models to correct for the merit of mates. There are evidences regarding an unfavorable interaction of sire by dam missing. Except for heritability (and not its standard error), HM was below than an intermediate between SM and DM in all of the studied aspects. Performing genetic evaluations for dairy cattle, it is important providing pedigree information for sires as animals without records (for most of the economical traits) to make possible relationships between them. Consequently, sires can benefit from each other evaluations. The effect of pedigree missing information depends on the rate of sire missing, the distribution of the pedigree between herds and whether AI in use, the rate of dam missing, the depth of the pedigree and whether the trait concerned is sexlimited.
